INTRODUCTION
Electronic patient-portals (EPP) offer the potential for increased patient-physician communication and improved clinical care beyond the office visit. 1 Patient-portals empower patients to access their electronic health record and interface with their care teams. Adoption of patient-portals is integrated into federal Bmeaningful use^metrics, and is necessary for receipt of financial incentives associated with implementing electronic health records (EHR). 2 As a result, studies estimate adoption rates have increased to 52%, though when stratified by uncontrolled and controlled studies, rates varied from 23 to 70%, respectively. 3 Use of patient-portals may hold promise for improved patient outcomes, utilization, and patient experience, although there is conflicting evidence. [4] [5] [6] A longitudinal study of 6300 diabetes patients in a large health system found an association between higher frequency of secure messaging during the previous calendar quarter, good glycemic control, and higher rates of testing adherence. 7 In a large cohort of diabetes patients, use of an online refill function for statins improved medication adherence. 8 Patient-portals positively impact population health efforts-an RCT of patient-portal linked health maintenance reminders in a large multi-site practice led to significant increases in mammography and influenza vaccination rates. 9 There is less evidence on the impact of patientportals on health utilization and efficiency; an examination of recently discharged patients and new patient-portal use showed that active users of the portal (defined by use of messaging functions) were 66% times more likely to experience 30-day readmission compared to non-users. 10 As health systems increasingly rely on electronic patientportals, there is a need to understand the factors that promote patient use of these portals so as to not exacerbate existing health disparities. Prior studies show that patients who are White, younger, of higher health literacy, or of higher socioeconomic status have higher rates of patient-portal use, 5, 11, 12 and that non-White and older patients express difficulty accessing health information and physicians as a result. 13 There is evidence of a Bdigital divide^that accounts for these differences.
14 But few studies have examined the influence of physician factors on patient adoption and use of patient-portals, though there is early evidence that physician encouragement and patient-physician trust may have an impact on patient-level portal use. 15 Conversely, physician concerns regarding patient-portal use, including fear of increased workload, confusing patients, and differential treatment of users and non-users, may contribute to lack of portal uptake. 16, 17 No studies to date have examined the influence of physician type on patient-portal use. Due to the nature of their training, resident physicians have less opportunity for building longitudinal relationships with patients, and may lack expertise in effective use of patient-portals, which in turn could lead to less patient adoption of patient-portals. 18 In this study of patients in an integrated faculty-resident practice, we investigate differences in overall portal use and patterns of portal use for patients with resident and attending primary care providers (PCPs).
METHODS

Setting
We performed a cross-sectional analysis of patient-portal use linked to EHR data of the internal medicine primary care practice at University of California, San Francisco (UCSF), an academic medical center. UCSF general internal medicine (GIM) provides primary care to a diverse population of approximately 24,000 patients in two main practice sites that are located in close geographic proximity and under the same practice umbrella. The patient-portal MyChart (EpicCare, Verona, WI) was introduced in 2011 featuring secure messaging with practice providers, and ability to request medication refills and to view appointments, test results, after-visit summaries (AVS), medical problem lists, allergies, and immunizations.
Patients
The study sample included established GIM patients ≥ 18 years old with a resident or attending PCP during the study period of May 2014 through April 2015. We chose this time frame as it followed an institution-wide effort to enroll patients in the patient-portal that included patient information and on-site staff to assist patients; this effort did not differ for the two GIM clinic sites. We defined established patients as those seen in the practice at least once in the 12 months prior to the study period. All residents (N = 62) were at one clinic site alongside 36 of 47 attending physicians-the remainder were at the second practice site. We excluded patients who did not have an assigned PCP during the study period. Due to the small number of NPs in the practice, we also excluded patients with an NP PCP. The UCSF Institutional Review Board approved the research procedures.
Outcomes
The primary outcomes of interest were as follows: (1) use of the patient-portal, and among users (2) active use of the patient-portal. We defined use of patient-portal as having accessed any of the functions of the patient-portal more than one time during the study period: (a) viewed lab results or diagnostic imaging reports; (b) viewed an AVS; (c) viewed upcoming appointments; (d) used the medication refill request function; (e) used the free-text secure messaging function to message with a provider. Similar to a prior study, we defined active use as those who accessed the medication refill request function and/or the free-text secure messaging function more than one time during the study period because these functions require more active patient involement. 10 We defined all other functions listed above as passive use, as they are limited to viewing information. Enrollment was defined as the presence of a documented date that the patient established a patientportal account.
Independent Variable and Covariates
The primary predictor of interest was PCP type (resident MD vs attending MD) defined as the PCP field in the EHR, which is updated at least annually by the practice. We obtained patientlevel covariates from the EHR including the following: (1) age (< 50, 51-64, 65-74, 75+ years); (2) sex; (3) race/ethnicity (nonLatino White, non-Latino Black, Latino/Hispanic, Asian/Asian Pacific Islander (API), and other); (4) preferred language for healthcare (English/non-English); (5) insurance (commercial, Medicaid, Medicare (including Medicare advantage), Medicaid and Medicare (Bdual eligible^), other); (6) practice location, (7) zip code (San Francisco vs outside San Francisco); and (8) average number of visits per year over a 2-year period (12 months prior to and 12 months during the study period).
Analyses
We examined the unadjusted associations between physician type and patient-portal use, and use pattern with chi-square, t tests, and Wilcoxon rank-sum tests. We then modeled the association of physician type with use of the patient-portal accounting for PCP clustering using generalized linear models for binomial outcomes, adjusting for patient age, gender, race/-ethnicity, preferred language, insurance status, number of visits per year, and zip code. We further modeled the association of physician type with active use (vs passive use), adjusting for the same covariates.
Secondary Analyses-Including Physician Covariates
In order to further investigate the impact of physician characteristics on patient use and active use of the portal, we conducted additional analyses incorporating physician characteristics. We included rank (resident, fellow, assistant professor, associate professor, full professor), physician gender, and physician-patient gender concordance.
RESULTS
There were 19,898 established patients in the sample. Of these, 1526 (7.7%) had a NP PCP and 673 (3.4%) did not have an identified PCP during the study period and were excluded from the analysis. The mean age of the remaining patients (17, 699) 
Physician Characteristics
There were a total of 109 physicians: 47 (43.1%) were attendings (23 full professor, 9 associate, 11 assistant, 4 fellow), and 62 (56.9%) were residents. The majority were female (58.7%) and there was gender concordance for 66% of patient-PCP pairs.
Use Versus Non-Use of the Patient-Portal
Among the patients in the sample, 53.4% were patientportal users (Fig. 1) . Of note, 19.0% of patients enrolled in the portal but never used it. In unadjusted comparisons, 58.2% of patients with attending PCPs were users of patient-portals, compared to 38.7% of patients with resident PCPs (p < .01) ( Table 2 ). There were positive associations between portal use and being ages 50-74, White, and privately insured, English-speaking, and living outside San Francisco.
Active Versus Passive Use of the Patient-Portal
Among the 9443 patient-portal users, 74.5% were active users. In unadjusted comparisons, 75.9% of patient-portal users who had attending PCPs were active users, compared to 68.1% of patients who had resident PCPs (p < .01). There were positive associations between active portal use and being middle-aged or older and White, English-speaking, having Medicare or being dual-eligible (Medicaid and Medicare), living outside of San Francisco, and having more practice visits per year (Table 2) .
Multivariable Analyses
In adjusted models (Table 3) , patients with a resident PCP had half the odds of being a patient-portal user compared to patients with an attending PCP (OR = 0.55, 95% CI 0.51-0.60). Similarly among users of the patient-portal, patients with a resident PCP had lower adjusted odds of active portal use compared to patients with an attending PCP (OR = 0.78, 95% CI 0.68-0.88).
Patients aged 65-74 (compared to patients aged 50-64) and women had higher odds of both use and active use of portals (Table 3) . Additionally, each additional clinic visit led to increased odds of being a user and active user of the portal. On the other hand, patients ages < 50, race/ethnic minorities, and non-English speakers all had lower odds both of being a portal user and of being an active user. While those with public insurance had lower odds of being a portal user, once they were a user, there was no difference in odds of being an active user. In contrast, those living outside San Francisco had higher odds of being a portal user, but once they were a user, there was no difference in odds of being an active user. In secondary analyses including detailed physician characteristics, patients of attending physicians at all ranks had higher portal use than patients of resident physicians.
However, there was a gradient of increasing patient use with increasing attending rank from assistant to associate to full professor. Neither physician gender nor physician-patient gender concordance was significant in adjusted models (Table 4) .
DISCUSSION
In this study of patients seen in an integrated faculty-resident GIM practice, we found a disparity in use and pattern of use of the electronic patient-portal for patients with a resident physician PCP compared to those with an attending physician PCP. We also found a gradient of use, with higher use among patients with more experienced attending physicians. To our knowledge, this is the first study to examine differences in patient-portal use by physician rank. We also confirmed existing race/ethnic, SES, and age disparities in portal use, and found that patients with more practice visits had higher rates of patient-portal use.
Patients perceive patient-portals as an efficient tool for health communication 4, 19 but disparities in use by race/ethnicity, SES, and age continue to exist. 20 Reasons for this focus on the role of the Bdigital divide,^access or unfamiliarity with health information technology, 21 and patient concerns that portals may erode personal relationships with physicians. 22 However, our findings suggest physician factors may also play a role in Fig. 1 Description of the study sample and patient portal use patterns. Enrolled-patients who had documented date of patientportal account creation. Non-Enrolled-patients without date of patient-portal account creation. Users-patients who accessed any patient-portal function more than once during the study period, including the following: (a) viewed lab results or diagnostic imaging reports; (b) viewed an after visit summary; (c) viewed upcoming appointments; (d) used the medication refill request function; (e) used the free-text secure messaging function to message with a provider. Active-Users-users who accessed the medication refill request function and/or the free-text secure messaging function. Passive-User-users who only accessed patient-portal function to view information. patient-portal use. We speculate this occurs through (1) development of physician-patient trust relationship, and (2) physicians' own comfort with patient-portal use.
The differences seen between physician types may reflect long-term continuity and level of patient-physician trust that is less likely in shorter-term resident-patient relationships. While an early study raised concerns that dissatisfaction with one's PCP influenced increased patient-portal use, 23 follow-up studies have since shown an association between increased use of a patient-portal and higher patient perceived trust in their physician, higher patient experience scores, and more patient loyalty. 15, 24 Another study found that patients with diabetes whose physicians scored better on quality measures had higher rates of portal use. 25, 26 Our results suggest a dose-response relationship between physician rank and portal use; physician rank may be a proxy for patient-physician relationship. It may be that interventions to enhance trust between patients and their resident PCPs may also enhance patient-portal use, with potential subsequent improvement in care quality and health. Alternatively, the fact that resident PCPs' patients had decreased odds of use may reflect physician inexperience and unfamiliarity with electronic patient communication. Our findings build on prior studies that show residents have more concerns with patients being able to view their clinical data 27 and report less familiarity with electronic communication with patients compared to attendings. 28 Conversely, increased PCP comfort with electronic communication may lead to increased patient use of patient-portals. In a cohort of diabetes patients in an integrated delivery system, there was an association between PCPs who had a high volume of secure messaging and patient use of secure messaging features of the patient-portal. 29 Another study of patient-reported satisfaction with electronic health record (EHR) use during a clinic visit showed patients had higher overall satisfaction with attending physician use of the EHR compared to resident physician use. 30 Efforts to increase patient use of portals may also need to keep in mind physician comfort with portal use. Similarly deserving of future investigation is addressing potential resident concerns about competency handling portal messages and the need for attending backup for complex virtual patient encounters. Existing resident curricula on physician-patient communication have increased knowledge and appropriate behaviors and should integrate patient-portal use. 28 A resident education curriculum targeting competency in patient-portal use showed promise in improving perceived care, comfort with secure messaging, and patient enrollment and engagement with the portal. 18 Dissemination of curriculum may address perceived low self-efficacy and system barriers that contribute to residents being less likely to encourage their patients to use patient-portals.
An interesting finding in this study was that patients aged 65-74 were more likely to be users of patientportals, and among portal users, more likely to be active users compared to their younger counterparts. It is likely that younger patients are healthier and have less need to use the patient-portal compared to older patients. A survey of both young and older adults about preferences in use of electronic messaging to communicate with physicians found that older adults had similar enthusiasm for using electronic means to communicate with their care teams, 31 and that for older patients (> 70), trust mediated this association. 15 This may suggest that for older patients, trust developed between patients and physicians leads to using the patient-portal, and in turn, the complexity of their medical conditions leads to more active use. As this age group corresponds to the fastest growing demographic in the US healthcare system, it is an important target for increased outreach to encourage enrollment, as well as increased attention to minimize potential disparities for less advantaged older adults. In our study, 19% of patients were enrolled in the portal but did not use it; further investigation on why these patients did not use the portal could inform future initiatives. Sustained use of the patient-portal and use by particular vulnerable groups of patients may require additional efforts by health systems to provide technical support, and by physicians to enhance communication and rapport via portal use.
We found that each additional practice visit increased the odds of being a user of the patient-portal; and among users of the patient-portal, each additional practice visit increased the odds of active use of the portal. This may reflect increased patient engagement and physician-patient trust with each visit. Alternatively, it may reflect the heightened need for active PCP communication for patients with acute and active chronic illness. Our findings add to a mixed literature regarding the potential impact patient-portals have on in-person practice visits, with several studies showing an association between increased electronic messaging with a physician and decreases in office visits, 20 , 32, 33 but a subsequent study found the opposite association of increased access to online patient-portal associated with higher office visit utilization. 34 
LIMITATIONS
This study has several limitations. The study design is cross-sectional and we cannot infer causality. Our study population was limited to patients and physicians at one academic internal medicine practice and may not be generalizable to other practices that do not have an integrated structure. In addition, because we did not limit to patients with specific diagnoses, and the information we had about co-morbidities was incomplete, we did not control for patient co-morbidities, or severity of disease that may confound the association between physician type and use of the patient-portal. 1 However, in our study setting, both attending physicians and resident physicians have medically complex patient panels. We did not have data on length of patient-physician relationship, which may also influence overall as well as active use of the patient-portal. Depending on their stage in training, resident physicians will have had the opportunity for continuity of some relationships of up to 3 years. The definitions we used for Buse,^Bpassive use,^and Bactive use,^while derived from prior literature, 29 utilized counts of activity within a defined period and are subject to misclassification bias; if present though, this would bias the results toward the null hypothesis.
CONCLUSION
In conclusion, we found lower overall and active use of the patient-portal among patients with resident PCPs compared to patients with attending PCPs. As patient-portal adoption expands and the use of patient-portals for population health outreach initiatives (e.g., vaccinations, cancer screening) increases, there are potential unintended consequences of widening existing health disparities, particularly in settings in which trainees care for already vulnerable populations. Residency programs should adopt curricula to bolster trainee skills and competence in the use of the patient-portal for communication, while simultaneously examining ways in which to enhance patient comfort and trust communicating with their resident PCPs via the patient-portal.
